Reaction Stereochemistry

Stereoselectivity
VS.
Sterospecificity

Chiral Acids-Bases
Diastereomers
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Many reactions convert achiral
reactants to chiral products.

A regioselective reaction: preferential formation of one
constitutional isomer

A — B + C
more B is formed than C where B and C are constitutional isomers

A stereoselective reaction: preferential formation of a
stereoisomer

A — B + C
more B is formed than C where B and C are sterecisomers

A stereospecific reaction: each stereoisomeric reactant
produces a different stereocisomeric product or a different
set of products

A — B
CcC — D

A and C are stereoisomers
B and D are sterecisomers

All stereospecific reactions are stereoselective
Not all stereoselective reactions are stereospecific

Table 5.2 Stereochemistry of Alkene Addition Reactions

Reaction Type of addition Stereoisomers formed

1. 1f the
carbon, a pair of enantiomers will be obtained
( mounts of the R and § isomers).

2. If the
amounts of

Addition reactions that c
asymmetric carbon in the product

actant does not have an asymmetric

int has an a
air of di

tric carbon, unequal
reomers will be obtained.

Addition reactions that create two.
asymmetric carbons in the product

Addition of reagents that form a
carbocation or radical intermediate

syn and anti Four stereoisomers can be obtained*
(the cis and trans isomers form the same products)

Addition of Hy syn cis — erythro enantiomers*
Addition of borane trans — threo enantiomers
Addition of Br, anti cis — threo enantiomers

trans ——> erythro enantiomers®

a1 ¥ Will be abiained insiead of the pait o erythen enaatiomers.




Stereochemistry of Electrophilic
Addition Reactions of Alkenes

CHyCH,CH=CH, —> CH;CH,CHCH; —— CH;CH,CHCH,
1-butene ]|3r

2-bromobutane

Can you determine the absolute configuration
of the product?

Ad(dition reactions that form one asymmetric carbon:
How much of each isomer forms?

50. Br

CH3CH2 Wy
W CH;

(S)-2-bromobutane

/"
ol o

CH;CH,

o —=CHs

Br

(R)-2-bromobutane

'l\f\ ﬁcuzar + |

CH1CHZ—C HS-Br ——  CHyCH, CH;CHy CH,Br
o : "
3
T butane "7 butane
CHyCH,  CHs T
\CL‘CHzBr
""" CH;
H CH;CH,  CH,Br

H
e HO2C\-

—_— —OH
fumarase
CO,H HO,CCH,
Fumaric acid (S)-(-)-Malic acid
Achiral Single enantiomer
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Many biochemical reactions convert
an achiral reactant to a single
enantiomer of a chiral product

Addition reactions that form an additional asymmetric
carbon

CH, CH;
ci—H + HBr —> Cl——H
CH=CH, “CHCH;
(R)-3-chloro-1-butene Il:il'
stereachemistry of the product
CH; CH,
CI:|:H CI:~:H
Br H H Br
CH;y CH;4

a pair of diastereomers




Addition reactions that form two asymmetric carbons
A radical reaction intermediate

CHiCH,  CH,CH; L
N e H20, %
/C:C\ + HBr ——=  CH;CH,CH—CCH,CH;
HyC CHy éHz éH'&

cis-3,4-dimethyl-3-hexene 3-bromo-3,4-dimethylhexane

stereachemistry of the product

CH,CH; CH,CHy CH,CH; CH,CH;

CHy—-H H—|—CH; CHs——H H—|—CH,

CHy Br Br CH; Br CH, CHy Br
CH,CH; CH,CHj CH,CHj CH,CH;4

Fischer projections of the stereoisomers of the product

CHic\Hz r‘C:‘ . CHs /CHZCH-, CH‘&C\HZ ),C:-g o CHs /CHZCH's
c—c= ~c— c—c= ~c—¢
B, N e "B HY" N 7 " CH.
Ty, CRCH ondl, by CHSL oncn,  onch, YO

ive formulas of the i of the product

A stereoselective reaction

* What is the optical yield for the reaction?
 Will the physical properties of the products be the same?

Stereochemistry of Hydrogen Addition
(Syn Addition)

CHj; CH;
CH;CH CH
32 P H, H b , D H
/c:c\ Pt H D D H
D D CH,CH; CH,CH;
cis-2,3-dideuterio- erythro enantiomers
2-pentene Fischer projections of the products
CH;CH, H H CH,CH;
=D Day
D\“,.C—C\‘ 7C —C wpy
d 0 om i Y
perspective formulas of the products
Stereochemistry of

Hydroboration—Oxidation

50: 50

_LBHTHE . <:>
3 HO", 1,05, Fi0 H,,,,,l_ /wOH chl,,.) \.u\\CH;
CH

H,C 3 H,C  CH, H OH

Syn addition, that is from the same side: either top or bottom.
What is the distribution and relationship of the products?
Enantiomers or Diastereomers?

Enantiomers

Addition reactions that form a bromonium ion

(anti addition)
CH, CH,
HiC _CH,CHy H:A’:Br BT:A’:H
/C=C\ + Bry T, BrH + H—Br
H H CH,CHy CH,CH;
cis-2-pentene threo enantiomers

Fischer projections

CH, CH,
HC_ H H—|-Br Br——H
—e + Bn g H Br + Br H
e ~ CHyCl
H CH,CH;4 CH,CH; CH,CH,
trans-2-pentene erythro enantiomers

Fischer projections

addition of Br; is an anti addition ]




Stereochemistry Vocabulary

pro-R-hydrogen

i i
CH3*(‘:*OH CH3*(‘:*CH3
Hy w pro-S-hydrogen Hy
H, and Hy H, and Hy
are enantiotopic hydrogens are homotopic hydrogens

Enantiotopic hydrogens have the same chemical
reactivity and cannot be distinguished by achiral agents,
but they are NOT chemically equivalent toward chiral
reagents (Most relevant in biochemistry/physiology.)

Diastereotopic hydrogens do not have the same reactivity
with achiral reagents

replace Hywitha D D——H,

CH, / - Br
] by
J CH;
CH, replace HywithaD ;[ 1y

H——Br

diastereotopic hydrogens CH,

HCHy cH, H. CH
(H: ~HaBr  H,—|—H, _-HyBr ﬁ
C. slower H Br "~ faster
e NH CH, we”
cis-2-butene trans-2-butene

@ Touch the label on the left to see the corresponding atoms, or touch the atoms to see
the approprite label

chirality center

CH3
enantiotopic hydrogens H H
H
diastereotopic hydrogens H\ H Ve
homotopic hydrogens HyC >/“ OH oS ‘H
Pro-R hydrogens H H H H

Pro-S hydrogens

Resolution of a Racemic Mixture

. . (S)-base
(R)-acid  (S)-acid —— (R,S)-salt (S,S)-salt
enantiomers diastereomers

A

(R,S)-salt (S,S)-salt

HCI 1 lHCI

(S)-baseH* (S)-baseH*
+

+
(R)-acid (S)-acid

Applying the Principle:
Resolution of Enantiomers

Separation of a racemic mixture into its two
enantiomeric forms.

Strategy

enantiomers




Strategy Strategy

enantiomers enantiomers

diastereomers diastereomers

Strategy

Resolving

enantiomers . .
Racemic Mixtures

Chiral Acids-Bases
Diastereomers
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diastereomers




